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(54) Double-tuned circuit 

(57) Between one end of a high-band tuning coil 
(12) in a primary tuning circuit and one end of a high- 
band tuning coil (1 6) in a secondary tuning circuit, a first 
switch diode (22) and a second switch diode (23) con- 
nected in series are provided. A second coupling coil 
(24) is provided between ground and the connection 
point of the first switch diode and the second switch 
diode. Both first switch diode and second switch diode 
are set to a continuity state or a non-continuity state to 
switch between a high-band state and a low-band state. 
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Description 

[0001 ] The present invention relates to a double-tuned 
circuit used as an inter-stage tuning circuit of a televi- 
sion-set tuner, and more specifically, to a double-tuned s 
circuit in which a high-band coupling coil and a low- 
band coupling coil are independently provided to couple 
a primary tuning circuit with a secondary tuning circuit. 
[0002] Fig. 5 shows a conventional double-tuned cir- 
cuit. In Fig. 5, a double-tuned circuit 51 is connected to 10 
a high-frequency amplifier (not shown) at an input end 
51a and to a mixer (not shown) at an output end 51 b. 
[0003] The double-tuned circuit 51 is switched 
between a high band and a low band by a so-called 
band switching method. A primary tuning circuit 51c is is 
provided with a high- ' 
[0004] band tuning coil 52 and a low-band tuning coil 
53 connected in series by one end of each coil. 
Between the connection point thereof and the ground, a 
switch diode 54 and a DC-blocking capacitor 55 con- 20 
nected in series are connected. 

[0005] The cathode of the switch diode 54 is con- 
nected to the connection point of the high-band tuning 
coil 52 and the low-band tuning coil 53, and the other 
end of the high-band tuning coil 52 is connected to the 25 
input end 51a. 

[0006] Between the input end 51a and the ground, a 
DC-blocking capacitor 56 and a varactor diode 57 con- 
nected in series are connected, and the anode of the 
varactor diode 57 is grounded. 30 
[0007] A secondary tuning circuit 51 d is provided with 
a high-band tuning coil 58 and a low-band tuning coil 59 
connected in series by one end of each coil. Between 
the connection point thereof and the ground, a switch 
diode 60 and a DC-blocking capacitor 61 connected in 35 
series are connected. 

[0008] The cathode of the switch diode 60 is con- 
nected to the connection point of the high-band tuning 
coil 58 and the low-band tuning coil 59, and the other 
end of the high-band tuning coil 58 is connected to the 40 
output end 51b. 

[0009] Between the output end 51 b and the ground, a 
DC-blocking capacitor 62 and a varactor diode 63 con- 
nected in series are connected, and the anode of the 
varactor diode 63 is grounded. 45 
[001 0] The other end of the low-band tuning coil 53 in 
the primary tuning circuit 51c is connected to the other 
end of the low-band tuning circuit 59 in the secondary 
tuning circuit 51d. Between the connection point thereof 
and the ground, a coupling coil 64 and a DC-blocking so 
capacitor 65 connected in series are provided. The DC- 
blocking capacitor 65 is connected to the ground. 
[0011] The connection point of the coupling coil 64 
and the DC-blocking capacitor 65 is connected to one 
end of a feed resistor 66, and the other end thereof is 55 
connected to a low-band switching terminal 67. 
[001 2] The connection point of the anode of the switch 
diode 54 and the DC-blocking capacitor 55 in the pri- 



mary tuning circuit 51c is connected to one end of a 
feed resistor 68, and the other end thereof is connected 
to a high-band switching terminal 69. In the same way, 
the connection point of the anode of the switch diode 60 
and the DC-blocking capacitor 61 in the secondary tun- 
ing circuit 51d is connected to one end of a feed resistor 
70, and the other end thereof is connected to the high- 
band switching terminal 69. 

[0013] The connection point of the DC-blocking 
capacitor 56 and the varactor diode 57 in the primary 
tuning circuit 51c is connected to one end of a feed 
resistor 71 , and the other end thereof is connected to a 
tuning voltage terminal 72. In the same way, the con- 
nection point of the DC-btocking capacitor 62 and the 
varactor 63 in the secondary tuning circuit 51 d is con- 
nected to one end of a feed resistor 73, and the other 
end thereof is connected to the tuning voltage terminal 
72. 

[0014] In the above configuration, a tuning voltage is 
applied to the tuning voltage terminal 72. The voltage is 
changed to alter the capacitance of the varactor diode 
57 in the primary tuning circuit 51c and the capacitance 
of the varactor diode 63 in the secondary tuning circuit 
51d, and thereby the tuning frequency of the double- 
tuned circuit 51 is to be changed. 
[0015] Band switching will be described below, in 
which the double-tuned circuit 51 is switched between a 
state in which a high-band television signal is received 
and a state in which a low-band television signal is 
received. To switch the double-tuned circuit 51 shown in 
Fig. 5 to a state in which a low-band television signal is 
received, a band switching voltage of, for example, 5 V 
is applied to the low-band switching terminal 67. A volt- 
age is applied to the switch diode 54 and the switch 
diode 60 in the reverse directions and both switch 
diodes 54 and 60 become a non-continuity state. There- 
fore, the double-tuned circuit 51 shown in Fig. 5 works 
as an equivalent circuit shown in Fig. 6. 
[0016] In the equivalent circuit shown in Fig. 6, a coil 
74 in the primary tuning circuit 51c indicates the high- 
band tuning coil 52 and the low-band tuning coil 53 con- 
nected in series, and a coil 75 in the secondary tuning 
circuit 51 d indicates the high-band tuning coil 58 and 
the low-band tuning coil 59 connected in series. 
[0017] The coupling coil 64 connected between the 
ground and the connection point of the coil 74 in the pri- 
mary tuning circuit 51c and the coil 75 in the secondary 
tuning circuit 51 d determines the coupling state 
between the primary tuning circuit 51c and the second- 
ary tuning circuit 51 d at a low band. The inductance 
thereof is specified in advance such that the double- 
tuned circuit 51 has a predetermined transfer character- 
istic. Therefore, the tuning coil 74 in the primary tuning 
circuit 51 c and the tuning coil 75 in the secondary tuning 
circuit 51 d do not cause direct inductive coupling. 
[0018] On the other hand, to switch the double-tuned 
circuit 51 shown in Fig. 5 to a state in which a high-band 
television signal is received, a band switching voltage 



<EP 0929153A1 1 > 



2 



3 



EP 0 929 153 A1 



4 



of, for example, 5 V is applied to the high-band switching 
terminal 69. A voltage is applied to the switch diode 54 
and the switch diode 60 in the forward directions and 
both switch diodes 54 and 60 become a continuity state. 
[0019] As a result, the connection point of the high- s 
band tuning coil 52 and the low-band tuning coil 53 in 
the primary tuning circuit 51c, and the connection point 
of the high-band tuning coil 58 and the low-band tuning 
coil 59 in the secondary tuning circuit 51 d are ground in 
high frequencies. Since the low-band tuning coil 53 in 10 
the primary tuning circuit 51c, the low-band tuning coil 
59 in the secondary tuning circuit 51 d t or the coupling 
coil 64 does not function, the double-tuned circuit 51 
shown in Fig. 5 works as an equivalent circuit shown in 
Fig. 7. 

[0020] Therefore, the high-band tuning coil 52 in the 
primary tuning circuit 51c and the high-band tuning coil 
58 in the secondary tuning circuit 51 d are disposed at a 
predetermined distance to be coupled to obtain a cou- 
pling state between the primary tuning circuit 51c and 
the secondary tuning circuit 51 d. 
[0021] In the conventional double-tuned circuit 51, 
however, the positional relationship (layout) between 
the high-band tuning coil 52 in the primary tuning circuit 
51c and the high-band tuning coil 58 in the secondary 
tuning circuit 51 d needs to be specified in advance to 
obtain an appropriate coupling state between the pri- 
mary tuning circuit 51c and the secondary tuning circuit 
51 d in a state in which a high-band television signal is 
received. Therefore, the degree of freedom in designing 
the layout is limited. 

[0022] Accordingly, it is an object of the present inven- 
tion to increase the degree of freedom in designing the 
layout of the high-band tuning coil by independently pro- 
viding coupling coils for a state in which a low-band tel- 
evision signal is received and for a state in which a high- 
band television signal is received. 
[0023] The foregoing object is achieved according to 
the present invention through the provision of a double- 
tuned circuit including: a primary tuning circuit having a 
high-band tuning coil and a low-band tuning coil con- 
nected in series at one end of each coil; a secondary 
tuning circuit having a high-band tuning coil and a low- 
band tuning coil connected in series at one end of each 
coil; a first coupling coil disposed between the ground 
and the connection point where the other end of the low- 
band tuning coil in the primary tuning circuit is con- 
nected to the other end of the low-band tuning coil in the 
secondary tuning circuit; a first switch diode and a sec- 
ond switch diode connected in series disposed between 
the one end of the high-band tuning coil in the primary 
tuning circuit and the one end of the high-band tuning 
coil in the secondary tuning circuit; and a second cou- 
pling coil disposed between the ground and the connec- 
tion point of the first switch diode and the second switch 
diode, wherein, when a high-band television signal is 
received, the first switch diode and the second switch 
diode are set to a continuity state; and when a low-band 



television signal is received, the first switch diode and 
the second switch diode are set to a non-continuity 
state. 

[0024] Since coupling coils can be provided for both 
high band and low band, a limitation on the layout of not 
only the low-band tuning coil but also the high-band tun- 
ing coil is eliminated, and the degree of freedom in 
design is increased. 

[0025] The double-tuned circuit may be configured 
such that it further includes a first switching terminal and 
a second switching terminal; the first switch diode and 
the second switch diode are connected in series by their 
anodes or by their cathodes; the anodes are connected 
to the first switching terminal in a DC-coupling manner; 
the cathodes are connected to the second switching ter- 
minal in a DC-coupling manner; and the first switch 
diode and the second switch diode are set to a continu- 
ity state or a non-continuity state by a band switching 
voltage applied to the first switching terminal and the 
second switching terminal. 

[0026] In this case, switching between the high band 
and the low band is made easy. 

[0027] The double-tuned circuit may be further config- 
ured such that the first coupling coil is connected to the 
ground through a first DC-blocking capacitor; the sec- 
ond coupling coil is connected to the ground through a 
second DC-blocking capacitor; the connection point of 
the first coupling coil and the first DC-blocking capacitor 
is connected to the first switching terminal in a DC-cou- 
pling manner; and the connection point of the second 
coupling coil and the second DC-blocking capacitor is 
connected to the second switching terminal in a DC- 
coupling manner. 

[0028] In this case, the first switch diode and the sec- 
ond switch diode are easily connected to the first switch- 
ing terminal and the second switching terminal. 
[0029] Embodiments of the invention will now be 
described, by way of example only, with reference to the 
accompanying drawings, in which; 

Fig. 1 is a circuit diagram of a double-tuned circuit 
according to an embodiment of the present inven- 
tion. 

Fig. 2 is an equivalent circuit of the double-tuned 
circuit according to the present invention in a low- 
band state. 

Fig. 3 is an equivalent circuit of the double-tuned 
circuit according to the present invention in a high- 
band state. 

Fig. 4 is a circuit diagram of a double-tuned circuit 
according to another embodiment of the present 
invention. 

Fig. 5 is a circuit diagram of a conventional double- 
tuned circuit. 

Fig. 6 is an equivalent circuit of the conventional 
double-tuned circuit in a low-band state. 
Fig. 7 is an equivalent circuit of the conventional 
double-tuned circuit in a high-band state. 
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[0030] Fig. 1 shows a double-tuned circuit according 
to the present invention. In Fig. 1, a double-tuned circuit 
11 is connected to a high-frequency amplifier (not 
shown) at an input end 1 1a and to a mixer (not shown) 
at an output end 11b. 

[0031] The double-tuned circuit 11 is switched 
between a high band and a low band by a so-called 
band switching method. 

[0032] A primary tuning circuit 11c is provided with a 
high-band tuning coil 12 and a low-band tuning coil 13 
connected in series by one end of each coil. The other 
end of the high-band tuning coil 12 is connected to the 
input end 11a. 

[0033] Between the input end 11a and the ground, a 
DC-blocking capacitor 14 and a varactor diode 15 con- 
nected in series are connected, and the anode of the 
varactor diode 15 is grounded. 

[0034] A secondary tuning circuit 1 1d is provided with 
a high-band tuning coil 1 6 and a low-band tuning coil 1 7 
connected in series by one end of each coil. The other 
end of the high-band tuning coil 16 is connected to the 
output end 11b. 

[0035] Between the output end 11b and the ground, a 
DC-blocking capacitor 18 and a varactor diode 19 con- 
nected in series are connected, and the anode of the 
varactor diode 19 is grounded. 

[0036] The other end of the low-band tuning coil 13 in 
the primary tuning circuit 11c is connected to the other 
end of the low-band tuning circuit 17 in the secondary 
tuning circuit 1 1d. Between the connection point thereof 
and the ground, a first coupling coil 20 and a first DC- 
blocking capacitor 21 connected in series are con- 
nected. The first DC-blocking capacitor 21 is connected 
to the ground. 

[0037] Between the connection point of the high-band 
tuning coil 12 and the low-band tuning coil 13 in the pri- 
mary tuning circuit 11c, and the connection point of the 
high-band tuning coil 1 6 and the low-band tuning coil 1 7 
in the secondary tuning circuit 11d, a first switch diode 
22 and a second switch diode 23 connected in series 
are provided. 

[0038] The connection point of the high-band tuning 
coil 12 and the low-band tuning coil 13 in the primary 
tuning circuit 11c is connected to the anode of the first 
switch diode 22, and the connection point of the high- 
band tuning coil 16 and the low-band tuning coil 17 in 
the secondary tuning circuit 1 1d is connected to the 
second switch diode 23. 

[0039] Between the ground and the connection point 
of the first switch diode 22 and the second switch diode 
23, a second coupling coil 24 and a DC-blocking capac- 
itor 25 connected in series are provided. The second 
DC-blocking capacitor 25 is connected to the ground. 
[0040] The connection point of the second coupling 
coil 24 and the second DC-blocking capacitor 25 is con- 
nected to one end of a feed resistor 26, and the other 
end thereof is connected to a first switching terminal 27. 
[0041] The connection point of the high-band tuning 



coil 12 and the low-band tuning coil 13 in the primary 
tuning circuit 11c is connected to one end of a feed 
resistor 28, and the other end thereof is connected to a 
second switching terminal 29. In the same way, the con- 

5 nection point of the high-band tuning coil 16 and the 
low-band tuning coil 17 in the secondary tuning circuit 
1 1d is connected to one end of a feed resistor 30, and 
the other end thereof is connected to the second switch- 
ing terminal 29. 

10 [0042] The connection point of the DC-blocking 
capacitor 14 and the varactor diode 15 in the primary 
tuning circuit 11c is connected to one end of a feed 
resistor 31 , and the other end thereof is connected to a 
tuning voltage terminal 32. In the same way, the con- 

15 nection point of the DC-blocking capacitor 18 and the 
varactor diode 19 in the secondary tuning circuit 1 1d is 
connected to one end of a feed resistor 33, and the 
other end thereof is connected to the tuning voltage ter- 
minal 32. 

20 [0043] Band switching will be described below, in 
which the double-tuned circuit 1 1 is switched between a 
state in which a high-band television signal is received 
and a state in which a low-band television signal is 
received. 

25 [0044] To switch the double-tuned circuit 1 1 shown in 
Fig. 1 to a state in which a low-band television signal is 
received, a band switching voftage of, for example, 5 V 
is applied to the first switching terminal 27. A voltage is 
applied to the first switch diode 22 and the second 

30 switch diode 23 in the reverse directions and both first 
switch diode 22 and second switch diode 23 become a 
non-continuity state. Therefore, the double-tuned circuit 
1 1 shown in Fig. 1 works as an equivalent circuit shown 
in Fig. 2. 

35 [0045] In the equivalent circuit shown in Fig. 2, a coil 
34 in the primary tuning circuit 11c indicates the high- 
band tuning coil 12 and the low-band tuning coil 13 con- 
nected in series, and a coil 35 in the secondary tuning 
circuit 11d indicates the high-band tuning coil 16 and 

40 the low-band tuning coil 1 7 connected in series. 

[0046] The first coupling coil 20 connected between 
the ground and the connection point of the tuning coil 34 
in the primary tuning circuit 1 1c and the tuning coil 35 in 
the secondary tuning circuit 11d determines the cou- 

45 pling state between the primary tuning circuit 11c and 
the secondary tuning circuit 11d at a low band. The 
inductance thereof is specified in advance such that the 
double-tuned circuit 11 has a predetermined transfer 
characteristic. Therefore, the tuning coil 34 in the pri- 

50 mary tuning circuit 11c and the tuning coil 35 in the sec- 
ondary tuning circuit 11d do not cause direct inductive 
coupling. 

[0047] On the other hand, to switch the double-tuned 
circuit 1 1 shown in Fig. 1 to a state in which a high-band 
55 television signal is received, a band switching voltage 
of, for example, 5 v is applied to the second switching 
terminal 29. A voltage is applied to the first switch diode 
22 and the second switch diode 23 in the forward direc- 
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tions and both switch diodes 22 and 23 become a conti- 
nuity state. 

[0048] As a result, the connection point of the high- 
band tuning coil 12 and the low-band tuning coil 13 in 
the primary tuning circuit 11c f and the connection point 5 
of the high-band tuning coil 16 and the low-band tuning 
coil 17 in the secondary tuning circuit 11d are ground 
through the second coupling coil 24 and are also con- 
nected to the ground through the low-band tuning coil 
13 in the primary tuning circuit 11c and the low-band 10 
tuning, circuit 17 in the secondary tuning circuit lid. 
Since the inductances of the two low-band tuning coils 
13 and 17 are sufficiently larger than that of the second 
coupling capacitor 24 and therefore can be ignored, the 
double-tuned circuit 11 shown in Fig. 1 works as an is 
equivalent circuit shown in Fig. 3. 
[0049] The , second coupling coil 24 connected 
between the ground and the connection point of the 
high-band tuning coil 1 2 in the primary tuning circuit 11c 
and the high-band tuning coil 1 6 in the secondary tuning 20 
circuit 11d determines the coupling state between the 
primary tuning circuit 1 1c and the secondary tuning cir- 
cuit 1 1d at a high band. The inductance thereof is spec- 
ified in advance such that the double-tuned circuit 11 
has a predetermined transfer characteristic in the high 25 
band. Therefore, the high-band tuning coil 12 in the pri- 
mary tuning circuit 1 1c and the high-band tuning coil 1 6 
in the secondary tuning circuit 1 1d need not be directly 
inductive-coupled. 

[0050] When the first switch diode 22 and the second 30 
switch diode 23 are connected in series by their anodes, 
a band switching voltage of, for example, 5 V is applied 
to the second switching terminal 29 to switch to the low- 
band state, and a band switching voltage of, for exam- 
ple. 5 V is applied to the first switching terminal 27 to 35 
switch to the high-band state. 

[0051] Fig. 4 shows another double-tuned circuit 
which obtains the same advantages as the double- 
tuned circuit 1 1 shown in Fig. 1 . 

[0052] In a double-tuned circuit 36, the feed resistors 40 
28 and 30 in the double-tuned circuit 1 1 shown in Fig. 1 
are omitted, and instead, the connection point of the first 
coupling coil 20 and the first DC-blocking capacitor 21 is 
connected to one end of a feed resistor 37 and the other 
end thereof is connected to the second switching termi- 45 
nal 29. Switching between a high band and a low band 
is performed in the same way as in the double-tuned cir- 
cuit 1 1 shown in Fig. 1. 

[0053] Since the circuit is configured in this way, wiring 
between the first switch diode 22 and the second switch so 
diode 23, and the first switching terminal 27 and the 
second switching terminal 29 becomes simple. 

Claims 

55 

1 . A double-tuned circuit comprising: 

a primary tuning circuit having a high-band tun- 
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ing coil and a low-band tuning coil connected in 
series at one end of each coil; 
a secondary tuning circuit having a high-band 
tuning coil and a low-band tuning coil con- 
nected in series at one end of each coil; 
a first coupling coil disposed between the 
ground and the connection point where the 
other end of the low-band tuning coil in said pri- 
mary tuning circuit is connected to the other 
end of the low-band tuning coil in said second- 
ary tuning circuit; 

a first switch diode and a second switch diode 
connected in series disposed between the one 
end of the high-band tuning coil in said primary 
tuning circuit and the one end of the high-band 
tuning coil in said secondary tuning circuit; and 
a second coupling coil disposed between the 
ground and the connection point of said first 
switch diode and said second switch diode, 
wherein, when a high-band television signal is 
received, said first switch diode and said sec- 
ond switch diode are set to a continuity state; 
and 

when a low-band television signal is received, 
said first switch diode and said second switch 
diode are set to a non-continuity state. 

2. A double-tuned circuit according to Claim 1 . 

further comprising a first switching terminal and 
a second switching terminal, 
wherein said first switch diode and said second 
switch diode are connected in series by their 
anodes or by their cathodes; 
the anodes are connected to said first switch- 
ing terminal in a DC-coupling manner; 
the cathodes are connected to said second 
switching terminal in a DC-coupling manner; 
and 

said first switch diode and said second switch 
diode are set to a continuity state or a non-con- 
tinuity state by a band switching voltage 
applied to said first switching terminal and said 
second switching terminal. 

3. A double-tuned circuit according to Claim 2, 
wherein said first coupling coil is connected to the 
ground through a first DC-blocking capacitor; 

said second coupling coil is connected to the 
ground through a second DC-blocking capaci- 
tor; 

the connection point of said first coupling coil 
and the first DC-blocking capacitor is con- 
nected to said first switching terminal in a DC- 
coupling manner; and 

the connection point of said second coupling 
coil and the second DC-blocking capacitor is 
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connected to said second switching terminal in 
a DC-coupling manner. 
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